Abstract
Introduction
The ultimate goal may be to guide an equitable process for finding an alternative that -to 42 the best scientific knowledge and to an acceptable degree -fulfills the objectives of 43 various stakeholders and for transparently communicating the reasons for this decision. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 3 societal acceptance is crucial to policy makers who must decide whether (public tax) 65 investments to remove pharmaceuticals are worthwhile. In our interdisciplinary project 66 we involved 13 stakeholders and evaluated 68 combinations of technical alternatives 67 based on nine different objectives. The more technical results are presented in Escher et 68 al., (2011) and Lienert et al., (2011) . In this article, we focus on the methodological 69 challenges of the MCDA procedure. 70
To support this decision, we chose multi-attribute value and utility theory (MAVT/MAUT) 71 due to the following four properties: Since it is founded on fundamental axioms of 72 rational choice (Savage, 1954 ; Von Neumann and Morgenstern, 1947; Von Winterfeldt 73 and Edwards, 1986), results are justifiable, which is important for policy decisions that 74 have to be defended in the public arena. Second, the uncertainty of predictions and the 75 risk attitudes of the decision makers or stakeholders can be handled with MAUT. This is 76 again very important for complex policy decisions, where the consequences of different 77 alternatives (e.g. management options) can not be predicted precisely. Third, it can deal 78 with a large number of alternatives without an increase of the elicitation effort compared 79 to a study with a smaller number of alternatives. The reason is that value and/or utility 80 functions are elicited from the decision maker or stakeholder independently from the 81 alternatives based on his or her preferences about the fulfillment of the different 82 objectives. All that needs to be known for preference elicitation is the range of each 83 attribute over all alternatives, i.e., the best-and worst-possible level of each attribute. 84
The elicited value and/or utility function are then used to evaluate the alternatives. 85 Therefore, the number of alternatives is irrelevant for the elicitation procedure and any 86 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 5 clarity, we only drew the main arrows, more iterations may be appropriate. A particular 132 challenge is the elicitation of the preference function (step F in Fig 1) . We therefore focus 133 on performing this task with minimizing the time requirements for individual stakeholder 134
elicitations. In particular, we assume that objectives have already been elicited and 135 structured hierarchically (step C in Fig. 1 ) and that the quantitative preference elicitation 136 should be based on this hierarchy. 137 138 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Additive aggregation implies that a low value of one sub-objective can be compensated 209
by large values of other sub-objectives. Therefore, this aggregation technique must fulfill 210 relatively strong independence conditions (Dyer and Sarin, 1979 ; Keeney and Raiffa,1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 8 be achieved through a good choice of sub-objectives (e.g. if the sub-objectives describe 223 complementary properties that should all be achieved to get a good fulfillment of the 224 overarching objective). In addition to finding an adequate aggregation function, 225
parameter elicitation of such more complex aggregation methods needs more research. 226
Elicitation of weights, the Trade-Off and Swing methods 227
Two standard techniques to estimate the parameters of additive aggregation, the 228 weights w i , are the Trade-Off and the Swing methods, described e.g. in Eisenführ et al., 229 (2010) . In the Trade-Off method, weights are calculated by searching indifference 230 between outcomes that differ in two attributes. The literature and own experience 231
indicates that the questions are rather difficult to answer (Borcherding et al., 1991) , but 232 comparatively reliable and theoretically most defensible (Martin et al., 2000) . If there are 233 many objectives, this method might be too time-consuming. The Swing method uses a 234 reference state in which all attributes are at their worst level and let the interviewee 235 assign points to states in which one attribute moves to the best state. The weights are 236 then proportional to these points. This method is often used (e.g. Von Winterfeldt and 237
Edwards, 1986). It is fairly fast and interviewees readily give answers. This is an 238
advantage, but holds the risk that people respond without thoroughly considering the 239 consequences of their answers. Another advantage of the Swing method is that it does 240 not depend on the shape of the value functions of the sub-objectives. Only the attribute 241 ranges must be known and the levels of the best and worst outcomes (in most cases 242 corresponding to the endpoints of the ranges). This makes it possible to elicit weights 243 prior to assessment of the value functions of the sub-objectives, which can reduce the 244 splitting bias, as mentioned below. The disadvantages are that the technique is based 245 on direct rating, it does not include consistency checks, and the extreme outcomes to be 246 compared may not correspond to a realistic alternative, which makes the questions 247 difficult to answer. However, in principle it is also possible to use any two reference 248 points, and not only the extremes (Belton and Stewart, 2002 a value of zero, since all but one of the attributes are at the best level. This has to be 257 discussed explicitly with the interviewees to avoid a biased evaluation. The interviewee 258 has then to specify scores, t r , between 0 and 100 to the other outcomes with the 259 attribute(s) of one sub-objective r at the worst level. 260
The weights, w r , of the additive aggregation scheme given by Eq. 1 can easily be 261 The procedure is illustrated by the tool we developed for the interviews of the case 264 study described below. It is given in the appendix (p. 2). We also show the tool for the 265 classical Swing method (appendix p. 3). To illustrate the differences and similarities 266 between the two approaches, we walk through an example (appendix p. 4). We 267 recommend Reversed Swing if the hypothetical outcome combinations are more realistic 268 than those of the classical Swing method, as in our case study. Torrance et al., (1996) 269 used a similar approach, but we found the introduction of disutilities (one minus utility) an 270 unnecessary complication. Explicit and repeated discussions of the attribute ranges 271 during the Swing (or Reversed Swing) procedure help interviewees to adjust weights to 272 the attribute range. This avoids distortions due to the range effect (Von Nitzsch and 273 . 274
Empirical studies show that objectives receive higher weights if they are split into more 275 detailed levels (splitting or overweighting bias; (Borcherding et 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 10 performed after having elicited both, weights and value functions at the lowest sub-287 objective level. 288
Convert values to utilities at appropriate levels of the hierarchy 289
If values were elicited for some branches of the hierarchy and the predictions are 290 uncertain, they must be converted to utilities (Abbas, 2010) . As utilities can be applied to 291 certain outcomes also, compatibility requires that values and utilities share the same iso-292 surfaces as a function of the attributes (in the case of n attributes, these are n-1 293 dimensional manifolds in the attribute space). This implies that the utility can be 294 expressed as a function of value only and does not have to be elicited starting again 295 from the attributes. States of given value to be compared when eliciting utilities should, 296 however, be communicated by underlying attributes to avoid problems similar to those of 297 direct rating procedures of value elicitation. There is some freedom in choosing these 298 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 We calculated values and utilities using the statistics and graphics software R 367 (http://www.r-project.org). Monte Carlo simulation (sample size 1000) was used to 368 propagate probability distributions of attributes to value and utility distributions and to 369 calculate expected utilities. In the next section we describe step 4 in more detail. 370
Overview of preference elicitation for this case study 371
As preparation, we sent a letter explaining the decision situation to each interview 372 partner. It included some information regarding the current situation (status quo), the 373 boundary conditions, and a description of the objectives and attributes. The amount of 374 information given to each main objective was similar (roughly same number of words) to 375 avoid the splitting bias. 376
All interviews were tape-recorded. At the beginning of the interview, we ensured the 377 comprehension of the information given in the letter and the agreement with it. We 378 invited interviewees to interrupt if anything was unclear and to express their thoughts. 379
This helped to reconstruct the arguments afterwards and to check the consistency of 380 answers. We emphasized that there were no right or wrong answers but that we were 381 interested in the opinion of the interviewee in representation of his or her stakeholder 382 group. We encouraged the interviewee to modify the answers until he or she was 383 confident that his or her opinion was reflected well. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 13
Eliciting value functions for this case study 385
We elicited value functions instead of utility functions for the reasons mentioned in 386 section 2.1: The elicitation of value functions is much easier and less prone to cognitive 387 biases than the elicitation of utilities. The latter involves comparing lotteries instead of 388 certain outcomes, which is usually demanding for the respondent. Secondly, we were 389 interested in the strength of preference. Utilities however, only render the combination of 390 strength of preference and risk-attitude. Finally, we wanted to assess the influence of 391 prediction uncertainty on the valuation of outcomes and not only derive a ranking of the 392 alternatives. This is important in cases where the analysis should facilitate a compromise 393 between stakeholders and is not just intended to provide a final solution ("best 394
alternative") to a decision problem. We evaluated the influence of different risk-attitudes 395 on the ranking of alternatives by sensitivity analysis. 396
Aggregation of single-attribute value functions for this case study 397
We assumed an additive aggregation (Eq. 1). This could be justified by the nature of 398 the objectives which were developed in the first round of interviews by considering the 399 property of preferential independence. Moreover, we checked this assumption during the 400 interview with trade-off questions (step 6 below). If stakeholders are able to specify their 401 preferences with respect to the attribute levels of a subset of objectives independently of 402 the attribute levels of the remaining objectives, preferential independence is indicated 403
and an additive multi-attribute value function can be used (Eisenführ et al. 2010) . 404 The structuring of the interview is illustrated in Fig. 2 , described below. The last step (in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 14 409 1. First, we presented the main objectives at the top hierarchical level (Table 1) and the  410 worst and best level of the corresponding attributes. We included relevant 411 background information (e.g., budget of hospital for objective "low costs"). This helps 412 to take the range of attributes explicitly into account and relate it to the current 413 situation and boundary conditions. 414 2. The interviewee then ranked hypothetical outcomes following the Reversed Swing 415 method described above, where the attributes of only one main objective were at the 416 worst, and the attributes of all others were at the best level. We did not yet show the 417 sub-objectives to avoid the splitting bias; every main objective received equal 418 attention. This procedure was facilitated by a tool we developed for this study, which 419 illustrated the different outcome combinations, e.g., with emoticons and labels of the 420 attribute levels. This tool is shown in the appendix (p. 2). 421 3. Afterwards, the ranking of sub-objectives was elicited in the same way. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 16 The four main objectives identified in this case study were low costs, good wastewater 475 quality, high feasibility, and good public perception. These main objectives were further 476 subdivided into sub-objectives as given in the second column of Table 1. For each sub-477 objective, a measurable attribute had to be defined which measures the fulfillment of the 478 respective sub-objective in each alternative. In cases where natural attributes were not 479 available, we constructed attributes. For instance, as attribute for "high acceptance by 480 authorities", we calculated the distribution of overall values of each alternative for the 481 cantonal and federal authorities. We then averaged the value distributions over these 482 stakeholders (linear pooling) and used them as predictions for the non-authority 483 stakeholders. For the authority-stakeholders this sub-objective was omitted. To measure 484 the ecotoxicological risk potential of the wastewater, the risk quotient (RQ) was 485 estimated as described in Escher et al. (2011) . The RQ is defined as predicted 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 17
For each of the alternatives described in section 4.3 below, the attributes had to be 489 predicted as described in section 4.4 below. The range defined in the last row of Table 1  490 covers the attribute range of the alternatives. As example, the range for the "fraction of 491 patients in hospital unhappy with the measure" is 0 -33% because there is no 492 alternative which affects more than 33% of the patients in such a way that they could be 493 unhappy with the measure. The details, how we arrived at these case study-specific 494 estimates, are given in Lienert et al. (2011) . 495
Alternatives (D) 496
To reduce pharmaceuticals, we considered on-site treatment of all hospital wastewater 497 
Prediction of outcomes (E) 517
For each alternative and each attribute we derived a probability distribution from 518 experts (e.g., engineers, environmental chemists, ecotoxicologists) as described in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 is done in standard applications, the uncertainty in results cannot be evaluated. 527
Elicitation of subjective preferences (F) 528
The appropriateness of an additive aggregation was confirmed by all stakeholders in 529 the last step of the elicitation procedure, where we asked trade-off questions to check 530 the consistency of the weights assigned by the Reversed Swing procedure. All 531 stakeholders were able to specify their preferences with respect to the attribute levels of 532 two of the main objectives, independently of the attribute levels of the remaining 533 objectives, confirming preferential independence. 534
In Fig. A1(appendix p.6) , the single-attribute value functions of the hospital director of 535 staff are shown as an example. The majority of the elicited value functions were non-536 linear. This may be partly explained by the fairly large ranges of the attributes. Because 537 the final set of alternatives was not fully determined at this stage and the final results of 538 the predictions were not yet available (step 4 started before step 3 was completed), we 539 chose relatively large ranges to ensure that the predictions for all alternatives would be 540 included. The weights for sub-objectives of all stakeholders are shown in Fig. A2  541 (appendix p.7). The weighting was different for stakeholders, regardless to which 542 stakeholder group they belonged (authorities, hospital-internal actors, or experts). 543 Fig. 3 shows the expected value of the overall objective of each management option 545 (= alternative) for the director of staff. Additionally, we see the contribution of the sub-546 objectives to the overall performance. The error bars show the 2.5 and 97.5% quantiles1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
Rank alternatives, analyze results (G) 544

553
This stakeholder gave the highest weight to the sub-objectives of "good public 554 perception" (posmed, negmed, legal; Fig. A2 ). However, the objectives that discriminate 555 most between alternatives are those with lower weights, namely the sub-objectives of 556 "good wastewater quality" (ecotox, load, bac; Fig. A2 ). This can easily be seen in Fig. 3  557 when comparing the length of the colored bars. The largest differences between the 558 alternatives exist in the green bars, the sub-objectives of "good waste water quality" 559 (ecotox, load, bac), while the red and purple bars for "good public perception" are more 560 or less of equal length. For this stakeholder, "Total WW + RO (25)" performs best, i.e., 561 the total treatment of all wastewater with reverse osmosis (RO). RO virtually removes all 562 micropollutants and pathogens, but is also the most expensive. Because several other 563 alternatives have a huge overlap in the value distribution, it is not really possible to 564 discriminate between them (alternatives 18, 20, 22, 24). These alternatives also treat the 565 total wastewater and remove (nearly) all pharmaceuticals, depending on the method (O3; 566 PAC, GAC). A similar performance is achieved by alternative 34 (vacuum 567 toilets/incineration), which also removes all pharmaceuticals. The "Status quo" performs 568 worse than these alternatives. Alternatives that treat only urine got even lower values by 569 this stakeholder. 570
To compare the preferences of all stakeholders, the overall values and the ranking of 571 the selected alternatives are given in Fig. 4 . Confirming the result for the above 572 stakeholder, also for most other stakeholders, the alternatives that collect and treat the1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 20
These alternatives dealing with the entire wastewater are depicted in blue and 575 systematically perform better than the "Status quo" (black line; Fig. 4 ). On the other hand, 576 those alternatives that only collect a certain fraction of the urine perform similar or even 577 worse for most stakeholders than the "Status quo"; i.e., the "NoMix"-alternatives (in red), 578 the alternatives collecting "urine where it is collected anyway" (orange) and the 579 "roadbags" (green). The high ranking of the "total wastewater treatment"-alternatives is 580 due to the predicted good performance of these alternatives regarding wastewater 581 quality, especially for the sub-objectives removal of (multi-)antibiotic resistant bacteria 582 and pathogens (bac) and ecotoxicological risk potential (ecotox). Ranked first for nearly 583 all stakeholders is Total WW + RO (25) (i.e., "reverse osmosis"), the most expensive 584 alternative (CHF 549'134 year -1 ). That costs were not decisive might be due to the fact 585 that these costs are 0.3% of the annual budget of the hospital . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 21
Sensitivity analyses (G) 596
Critical steps that were evaluated by sensitivity analyses are the elicited single-attribute 597 value functions and weights, the assumptions about intrinsic risk attitudes of 598 stakeholders, and the assessment of uncertainty of the predicted outcomes for the 599 wastewater quality attributes. 600
To test the robustness of the results regarding these assumptions we used the 601 following scenarios and compared their results with the original results: 602 S1 Compare neutral (i.e., value = utility) and risk averse risk attitude 603 To assess the effects of these changed assumptions, one can assess the reversals in 613 the utility ranking or the change in overall expected values. If many alternatives are very 614 similar, rank reversals might occur even if changes in overall value are small. On the 615 other hand, major changes in the overall value might not lead to rank reversals if the 616 alternatives are very different or affected by the changes in a similar way. Therefore, it is 617 useful to look at both (Fig. 5, Table 2 ). The rank reversals were assessed by calculatingp. 22 Table 2 : Kendall correlation coefficients τ for the rankings of the six sensitivity scenarios S1 to S6 averaged 622 over 13 stakeholders ± standard deviation. We show results for the subset of alternatives presented in this 623 paper (n = 13) and the full set of alternatives (n = 68; Lienert et al., 2011) . See text for explanations. 
625
We observe a low number of rank reversals for the subset of alternatives (i.e., higher 626 correlation of SX with S1), but a slightly higher number for the whole set of alternatives. 627
This is not surprising since we did the selection because many alternatives of the original 628 set were very similar. Therefore, small changes in utility expectedly lead to much more 629 rank reversals in the original set than in the subset that discriminates strongly between 630 different alternatives. Below we discuss the sensitivity of the MCDA results to the 631 simplifying assumptions that facilitate the elicitation procedure. 632 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
Discussion
637
Sensitivity of the results to the simplifying assumptions 638
Comparing the expected values (Fig. 5) shows that the general picture of all sensitivity 639 scenarios is similar to the original: the blue alternatives (collection of all wastewater and 640 on-site treatment, or transport/incineration) always have the highest values. Hence, the 641 main results are robust and withstand changes in the underlying assumptions. 642 S1: Rank reversals when transforming values to utilities assuming risk aversion can be 643 expected for alternatives that have nearly the same expected value but large 644 differences in the uncertainty of the value distribution. This was not the case in our 645 study. Our sensitivity analysis confirms that the risk attitude is not very influential in 646
this decision (in the tested range covering risk neutrality to risk aversion with a Pratt 647
Arrow Measure of 4; not shown in Fig. 5 ). This indicates that an elicitation of the 648 risk-attitude of the stakeholders is not necessary to facilitate the decision. If this had 649 not been the case, the risk attitude would have had to be elicited in an additional 650 interview. 651 S2: Assuming a much higher uncertainty when predicting the wastewater quality 652 attributes will only change the expected values in case of nonlinear value functions 653 but in any case it might influence the ranking of expected utilities, if the risk attitude 654 is not neutral. However, results show only minor changes in the ranking (Table 2 ) 655 and in the expected values (Fig. 5) . 656 S3: Assuming all single-attribute value functions to be linear leads to larger changes 657 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 25 S5 and S6: The rather high relative increase in weights for costs and wastewater quality 669 objectives did not lead to dramatic changes in the overall results, which were 670 generally quite robust to the weights. However, to discriminate similar alternatives, 671 the weights can play an important role. 672
Verification of the results in stakeholder workshop 673
We discussed the results with the stakeholders in a half-day workshop. They mainly 674 agreed with their own results of the MCDA. Furthermore, they agreed that the procedure 675 gave a lot of insight. For instance, they found it especially encouraging that such high 676 importance was placed on protecting the aquatic environment from pharmaceuticals by a 677 wide variety of stakeholders, including authorities, while low costs were not decisive in 678 this decision. The insights from this study will hopefully enter the discussion concerning 679 the reduction of micropollutants in water bodies. Currently, the Swiss Federal Office of 680 the Environment (www.bafu.ch) favors a centralized solution to upgrade large 681 wastewater treatment plants, but this (expensive) proposal has been challenged by 682 various stakeholder groups in a public hearing process. Our results clearly show that in 683 some cases cheaper point-source measures at hospitals might meet acceptance. In 684 addition, this may remain an option for hospitals that are not connected to a wastewater 685 treatment plant that will be upgraded. Finally, MCDA -although being quite laborious -686 was judged to be helpful for structuring decisions and reaching consensus in other 687 environmental management situations as well. 688
Advantages of the proposed MCDA-procedure 689
We see the main benefits of such a careful MCDA process in the following: 690 1. The support of a fair discussion for group decisions or public decisions that involve 691 several stakeholder groups: 692  due to the transparency of the procedure it is more difficult to influence results 693 with a hidden agenda than with unstructured negotiation processes; 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 A major challenge is the careful consideration of the choice and display of information 707 during the decision making procedure (Dyer et al., 1992) . This is an important point, 708
because good information about the decision facts are necessary and attributes must be 709 comprehensible to all stakeholders. On the other hand, stakeholders might be influenced 710 by this information. Therefore, the amount and representation of prior information is a 711 trade-off between providing sufficient information and exerting influence. 712 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 p. 27
Conclusions
Explicitly considering uncertainty in the prediction of outcomes and propagating this 732 uncertainty to the resulting values is very important to assess the differences in the 733 evaluation of alternatives. Uncertainty in values clearly shows the significance of 734 differences in alternatives and thus indicates if several alternatives perform almost 735 equally well (see error bars in Fig. 3, and Fig. 4, left side) . The calculation of expected 736 utilities alone does not provide this insight, but it makes it possible to consider the risk 737 attitude of the decision maker to rank alternatives. 738
Finally, we emphasize that this procedure is a tool for supporting decision-making by 739 stimulating a fair discussion between stakeholders with different perspectives, by 740 identifying causes of disagreement, and by inspiring the search for even better 741 alternatives than those evaluated in a first round. It is thus much more than a procedure 742 for ranking given alternatives. Dyer et al., (1992) pointed out that the opportunities for 743 MCDA applications in the public sector are unlimited and that there is a strong need for 744 good documented cases. With this study we tried to contribute to this. We hope to have 745 illustrated the usefulness of the MAVT/MAUT method in real decision situations, 746 characterized by a wide range of stakeholders that have limited time. We also hope to 747 stimulate the use of decision support methods to deal with other complex public and 748 political decision problems. 749 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
